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Abstract 

Agroforestry represents a land use strategy grounded in ecological principles, offering 
benefits such as increased crop yields, consistent financial returns, and broader 
agricultural diversification. This study was conducted in M akawanpurgadhi rural 
municipality, from M akawanpur district, Nepal, which aimed to evaluate various 
agroforestry systems, the diversity of farm trees, and their impact on rural income. Field 
observation, interviews with key informants, and questionnaire survey were employed to 
augment socio-economic information, with a randomly selected sample of 106 
households (i.e. Landowners). Farm tree diversity was assessed using the Shannon 
Wiener Diversity Index. The study identified five important agroforestry systems: 
homegarden, silvi-pasture, agrisilviculture, silvofisheries, and agrisilvihorticulture. The 
Silvi-pasture system reported as a promising agroforestry approach demonstrating 
greater species richness and diversity of farm tree compared to homegarden and 
agrisilvihorticulture. Moreover, agroforestry systems contributed significantly to 
household income, with 36.92% (NRs. 25,700 or USD 193 per household per year) 
attributed to agriculture and 28.88% (NRs. 16,900 or USD 127 per household per year) 
to livestock raring. It is recommended that agroforestry systems have a great deal of 
potential to conserve biodiversity and enhance rural livelihoods. 
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1. Introduction 


Reducing pressure on forests and expanding the environment beyond 
forest areas are primary objectives of recent government policies and initiatives. 
Agroforestry (AF) systems are considered a viable solution to address land 
management and ecological concerns while also meeting the demands of a 
growing population and crop diversity (FAO 2003; Salinas, 2016; Schnell ef a/,, 
2015). It integrates forestry, agriculture, and other land uses into the same unit 
of land to safeguard the production of diverse ranges of products and services 
while promoting enhanced environmental sustainability (Paudel ef a/., 2019; 
Reed et a/., 2017; Shin et a/., 2020). In Nepal, AF plays a critical role in 
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producing food, fuel, timber, and other minor forest products, thereby 
generating income for underprivileged communities and contributing to 
environmental conservation (Amatya, Cedamon and Nuberg, 2018; Paudel et 
al., 2019). 

AF is an approach to land management that offers eco-agricultural 
solutions by integrating goals for improved food security with benefits in 
biodiversity conservation, particularly through promoting the use of native tree 
species (Acharya, 2006; Atta-Krah ef a/., 2004; Reed et a/., 2017). Trees in and 
around agricultural lands provide valuable goods and services to communities. 
Agroforestry systems are critical for preserving and restoring the physical 
environment. They play an important role in reducing erosion, enriching soil 
fertility, reducing pollution, and promoting biodiversity conservation (Acharya, 
2006; Atta-Krah et a/., 2004; Ojha ef a/., 2022). Soil fertility degradation, 
increased soil erosion, and decreased agricultural output have all been linked to 
declines in forest cover. Agroforestry shows promise as a solution to address 
these issues (Amatya, Cedamon and Nuberg, 2018; Carter and Gilmour, 1989; 
Paudel ef a/., 2019). Studies worldwide indicate advancements in tree growth on 
private farmlands to counter the loss of forest trees (Baral et a/., 2013; Ghimire 
and Bolakhe, 2020; Kang and Akinnifesi, 2000; Thapa ef a/., 1994). 

Agriculture has historically served as the primary source of income across 
the Nepalese hills, with subsistence agriculture forming the backbone of 
economic activity in this region, closely intertwined with forest resources. These 
small-scale farming systems have traditionally relied on forest products, which 
provide a diverse array of goods and services crucial for both biodiversity 
conservation and subsistence (Acharya, 2006; N eupane ef a/., 2002; Ojha et a/., 
2022). Agroforestry is a multidimensional approach to sustainable land 
management that offers numerous advantages for both rural communities and 
biodiversity conservation. Because of this, it has garnered considerable attention 
from conservation scientists seeking innovative solutions to environmental 
challenges (Acharya and Kafle, 2009; M cNeely and Schroth, 2006; Ojha et a/., 
2022). Despite this potential, Nepal's agricultural and forestry development 
plans have historically placed little emphasis on promoting agroforestry 
(Amatya, Cedamon and Nuberg, 2018). However, recent years have seen 
increased recognition of agroforestry's crucial role in sustaining rural agriculture, 
leading to initiatives aimed at promoting agroforestry at the farm level. While 
the focus has traditionally centered on trees within forests, those outside forested 
areas or on farms in Nepal represent vital resources for enhancing sustainable 
development and livelihoods. Furthermore, despite their significant contributions 
to human well-being and environmental preservation, trees on farmland and in 
various land use types around human settlements have not been systematically 
integrated into the national forest inventory (DFRS, 2015; Ghimire et a/., 2021). 
In this backdrop, this study primarily aims to evaluate farm tree diversity and its 
impact on rural livelihood enhancement. 


2. M aterials and M ethods 


2.1 Study Area 

This research was conducted in ward number 6 of M akawanpurgadhi 
rural municipality, located in Makawanpur district, Nepal (Figure 1). This 
municipality shares borders with Bakaiya rural municipality to the east, 
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Bhimphedi rural municipality to the west and north, and Hetauda Sub- 
metropolitan City to the south. Topographically, the district spans from 27°10' 
to 27°40' latitude and 84° 41' to 85°31' longitudes, with M akawanpurgadhi 
rural municipality situated 34 km south of Kathmandu and 17 kilometers north 
of Hetauda city. The area experiences a tropical to subtropical climate, 
characterized by an average annual temperature of 28 degrees Celsius and 
approximately 240 mm of rainfall. Geologically, the region represents the upper 
Chure range and lower M ahabharat Hill's alternate strata, consisting of shale, 
schist, quartzite, and phyllite, alongside limestone beds, and various granite and 
gneiss (Bajracharya et a/.,, 2007; MRM, 2023). Agriculture and livestock farming 
are the primary occupations in this area. 
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Figure 1: M ap illustrating the study area 


2.2 Sampling M ethod and Data Analysis 

The research employed both qualitative and quantitative approaches to 
investigate the existing agroforestry system, tree diversity, and its contribution 
to local livelihood improvement. For the vegetation survey, circular plots (n=43) 
of size 1,000 m? with a radius of 17.84m were purposively laid out according to 
the prevalent agroforestry systems. During the vegetation survey of the 
household farm sample, all tree species and the number of individuals within 
each plot were counted. Subsequently, farm tree diversity was determined 
applying the Shannon-Weiner index, which considers both the evenness and 
abundance of the species present (M aturin, 1988). Shannon-Weiner index is 
represented by H, which is determined as: 
H =-> P;* InP; 
Where, H =Shannon-Wiener index, 
Similarly, the term evenness is represented by E, which is calculated as: 
E =H/InS 
Where, E= evenness, 
H=The Shannon Diversity Index, 
S=T otal number of species with in the community 
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For socio-economic data analysis, a questionnaire survey was conducted on 106 
farm households (including those from sample plot located households and 
adjoining households) to augment necessary information. Additionally, to 
validate and cross-check the data from the household survey, 3 focus groups 
and 23 key informant interviews were conducted. The collected data were 
analyzed using SPSS and presented through tables, graphs, figures, and charts to 
facilitate logical interpretation. 


3. Results 


3.1 Agroforestry Systems Adopted 

In a given ecosystem, tree diversity plays a critical role in maintaining 
natural environmental equilibrium. This becomes particularly crucial in areas 
where natural forest encroachment and land degradation are diminishing 
biodiversity, potentially resulting in the loss of the natural ecosystem. This study 
reported five major agroforestry systems: homegarden, _ silvipasture, 
agrisilviculture, silvofisheries, and agrisilvihorticulture (Table 1). A survey of 
106 household farms revealed that the majority of households adopted 
homegardens (58%), followed by silvipasture (41%), agrisilviculture (16%), 
silvofisheries (9% ), and agrisilvihorticulture (4% ). H omegardens are primarily 
adopted by households to fulfill their nutritional needs, ensure food security, 
preserve agrobiodiversity, and promote environmental sustainability. 


Table 1: Agroforestry systems and species combinations 


SN. Types of Description M ajor Species Percentage 
Agroforestry Combination of HHs 
System used 
1. H omegarden Growing M angifera indica, 47% 
cereals, Atrocarpus 
vegetable heterophulus, Persea 
spices with americana, along with 
firewood, and _ | banana, pineapples, 
fodder species. | chili, turmeric, and 
vegetable species. 
2. Silvipasture Raising forest | Litsea monopetala, 24% 
trees with Ficussp., Bauhinia sp., 
livestock in the | grasses and livestok in 
same land. rain faded land or 
fallow land. 
3. Agrisilviculture Cultivating Tectona grandis, 16% 
seasonal Dalbergia sissoo, 
agricultural Eucalyptus 
crops along camaldulensis, Albizia 
with mixed lebbek along with 
tree species. agricultural crops (such 
as Turmeric and 
ginger). 
4, Silvofishery Fish farmingin | M ang/fera indica, 9% 
conjunction Dalbergia Sissoo, 
with forest tree | Euca/yptus 
species. camaldulensis, 
Bauhinia variegata, 
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SN. Types of Description M ajor Species Percentage 
Agroforestry Combination of HHs 
System used 


Litsea monopetala on 
the riser of the fish 


ponds. 

5: Agrisilvihorticulture | Growing Fruit—trees (such as 4% 
agricultural banana, mango), along 
crops with agricultural crops 
alongside alongside Fuca/yptus 
horticulture camaldulensis, 
plants and Dalbergia Sissoo. 


forest trees. 


3.2 Diversity and Abundance of Species across various Agroforestry Systens 

A total of 71 tree species were documented in the study site. Among these, 
Mangifera indica, Atrocarpus heterophulus, Litsea monopetala, Artocarpus 
lakoocha, and Shorea robusta emerged as the major tree species found on 
farmland (Figure 2). The two most abundant tree species planted on farmland 
were Mangifera indica and Artocarpus heterophyllus. Additionally, the tree 
diversity index and species richness were also estimated for every agroforestry 
system under the study, as detailed in table 2. The silvipasture system 
demonstrated the higher diversity index and species richness as compared to 
homegardens and agrisilvihorticulture, respectively. The silvipasture system 
emerged as the most diverse agroforestry system adopted, highlighting its 
preference and variability within the M akawanpurgadhi rural municipality. 
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Figure 2: Frequency of farm tree species occurrence 


3.3. Different Sources of Income of Studied H ouseholds 

The socioeconomic data of 106 farm households was analyzed through a 
questionnaire survey to determine how much agroforestry systems contribute to 
rural livelihoods. Among the 106 farm households surveyed, 69 were male 
respondents and 37 were female respondents (T able 3). Additionally, 61.32% of 
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the households were engaged in agriculture-related occupations, while 38.68% 
relied on non-agricultural occupations, including government and _ private 
services (Table 3). Furthermore, the average annual income of the households 
was determined to be NRs. 170,990 (equivalent to USD 1,286), with the 
majority of households (43) falling into the category with an annual income of 
less than NRs. 150,000 (equivalent to USD 1,128) (Table 3). 


Table 2: Species richness and farm tree diversity across various agroforestry systems 


SN. Agroforestry Systems Species richness | Shannon Weiner 
[Index 
1. H omegarden 26 0.37 
Z Silvipasture 38 0.62 
3 Agrisilviculture 15 0.24 
4. Silvofishery 7 0.10 
Di Agrisilvihorticulture 21 0.30 
Table 3: Socio-economic attributes of studied households 
Class Attributes Number Percentage (% ) 
Gender M ale 69 65.10 
Female Sf 34.90 
Occupation Agriculture 65 61.32 
Government services 22 20.76 
Private services 19 17.92 
Annual income | <150,000 (<USD 43 40.57 
(NRs.) 1,128) 
150,000-200,000 a7 34.90 
(USD 1,128-1,504) 
>200,000 26 24.53 
(>USD 1,504) 


3.4 Farm Trees’ Contribution to the Agricultural and Livestock Income 

Agroforestry is aland management strategy in which parts of forestry and 
agriculture are combined to provide a variety of benefits, including fuelwood, 
timber, food, fodder, and other agricultural and forestry-related goods and 
services within a given area and time frame. Respondents were queried regarding 
their overall income as well as the relative contributions of different income 
sources. According to the study findings, out of the average net annual 
household income, income from agriculture and livestock constituted 40.70% 
and 34.21%, respectively. Furthermore, the adopted agroforestry systems in the 
study area contributed 36.92% (NRs. 25,700, equivalent to USD 193, per 
household per year) and 28.88% (NRs. 16,900, equivalent to USD 127, per 
household per year) to the agricultural income and income from livestock 
farming, respectively (Figure 3). 


4. Discussion 
Agroforestry is not a novel practice; rather, it is emerging as a science. The 


objective of agroforestry development in Nepal is to mitigate environmental 
degradation while also fulfilling the demand for fodder, non-wood forest 
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products, fuelwood, and small timber, including aromatic and medicinal plants, 
both now and in the future (Amatya, Cedamon and Nuberg, 2018). Although, 
agroforestry practice has long been a longstanding part of traditional farming 
techniques in Nepal, they have also been shown to harbor higher biodiversity 
than Nepalese forests and provide farmers with additional market alternatives 
(Acharya, 2006). This study identified five major agroforestry systems, with the 
majority of households preferring homegardens due to their immediate access to 
fresh produce (Table 1). In terms of tree diversity, silvipasture systems 
demonstrated the higher species richness and diversity index, with home gardens 
and agrisilvihorticulture coming in second and third, respectively (Table 2). 
N epal's agroforestry system has become increasingly diverse due to the country's 
growing commercialization and abandonment of agricultural land (Ulak et a/.,, 
2021). The farmer-led approach is undeniably one of the most significant 
strategies for increasing tree cover in rural agriculture. This finding is in line with 
Ghimire and Bolakhe (2020) and Khanal (2011) who reported greater tree 
diversity and species richness in silvipasture systems in M akawanpur and Kaski 
districts, respectively. H owever, Baral et a/. (2013) found that homegarden in the 
Kanchanpur district of Nepal exhibited higher tree diversity and species richness 
compared to agrisilviculture. The differences in results can be accounted to 
variations in geographic regions, which differ depending on the location within a 
specific zone. Nonetheless, it is evident how agroforestry techniques enhance 
farm tree diversity and contribute to environmental restoration. 


NPR 


Average net annual income Contribution of 
Agroforestry on average net 
annual income 


mlncome from Agriculture ™|lncome from Livestock 


Figure 3: Contribution of agroforestry systems on agriculture and livestock 
income 


Agroforestry strategy play a critical role in addressing hunger, improving 
local livelihoods, conserving biodiversity, and bolstering institutional and 
societal adaptability to climate change (Mbow ef a/., 2014). In Nepal, 
agriculture remains the primary means of income for the majority of the 
population, with approximately 70% _ still engaged in agricultural activities 
(FAO, 2023; GC and Hall, 2022). Rural farmers rely on farmland to meet their 
daily needs, with the average per capita income (PCI) in N epal standing at NRs. 
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186,067 annually (equivalent to USD 1,399) (CEIC Data, 2023). A significant 
portion of households (61.32% ) in the study area were engaged in agricultural 
activities (T able 3). The average annual income of households was determined to 
be NRs. 170,990 (equivalent to USD 1,286). Of the total average net annual 
household income, income from agriculture and livestock constituted 40.70% 
and 34.21%, respectively. Notably, agroforestry systems contributed 36.92% 
and 28.88% to agriculture income and livestock income, respectively. According 
to the Agroforestry Network (2018), nine of the seventeen Sustainable 
Development Goals (SDGs) can be addressed through agroforestry. Of these, 
nine have the potential to be addressed through agroforestry, with a particular 
emphasis on goals including No poverty; Zero hunger; Climate action; and Life 
on land. This indicates the significance of agroforestry systems for improving 
local livelihoods in N epalese context. These findings are consistent with those of 
Ghimire and Bolakhe (2020), who documented that in the M akawanpur district, 
agroforestry systems contributed 24.06% and 20.25%, respectively, to 
agricultural income and income form livestock rearing. In Kanchanpur district, 
similar results were also observed by Baral et al. (2013) where farm trees 
contributed 16.4% and 17.1% to agricultural income and income from livestock 
rearing, respectively. Therefore, agroforestry holds immense potential to uplift 
rural livelihoods by reducing local communities’ dependence on forest resources. 


5. Conclusions 


A total of 71 farm tree species were documented across the five different 
agroforestry systems studied. Greater diversity index and species richness for 
farm tree were observed in Silvipasture, compared to homegarden and 
agrisilvihorticulture, respectively. Agroforestry in the study site contributed 
36.92% and 28.88% to agriculture income and livestock income per household 
per year, respectively. These findings show the importance of suitable trees 
planted outside of forests can support rural communities’ livelihoods and 
biodiversity. Future local and national forest sector strategies must take these 
resources into consideration, because trees outside of forests are essential for the 
upliftment of livelihoods of the local people. 
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